The tetramorph th crystals of 4,4edimethylbenzophenone (D) were obtained using slow-evaporation crystallization method and the structure is elucidated using single crystal X-ray diffraction technique. D crystallizes in the orthorhombic crystal system (space group Pbca) with cell parameters a ¼ 14. The E ratio provides evidence of H/H, C/H and O/H intercontacts having high propensity to form contacts in the crystal packing. The average energy (dimer formation) for each polymorph is calculated from energy framework analysis. The systematic comparison of crystal packing in tetramorphs through 3D-topology is visualized. In the energy-frameworks of the crystal packing, dispersion energy dominates over the electrostatic energy. Overall, the molecular packings of the four polymorphic structures are different.
Introduction
A polymorphic phenomenon in the solid state system is one of the hot topics in the crystallographic community. In this phenomenon, the same compound appears in different crystal structures (at least two) [1] . The review report on polymorphism systematic screening of history and facts revealed molecular crystal polymorphs are frequent [2] . There are differences in the three dimensional (3D) similarities among polymorphs [3] . The concept of supramolecular synthon [4] and supramolecular constructs are used to analyse spatial arrangements of intermolecular interactions in crystals (molecular packing) and to identify the similarity among crystal structures and polymorphs, (packing similarities) respectively [5] . Further, packing polymorphism deals with conformational rigid molecule packing in different arrangements, while the conformational polymorphism deals with flexible molecule rearranging to produce more than one different conformation in the solid state [6] . They show different physical properties and other physico-chemical properties according to the polymorph [7] . One of the organic moieties 'benzophenone' shows prevalent polymorphism and among them 4,4edimethylbenzophenone has three polymorphic structures [8] . The reported trimorphs of the title molecule crystallize in the crystal systems trigonal (A: CSD refcode FEVMUO0; space group e P 3 21) [8] , orthorhombic (B: CSD refcode FEVMUO01; space group e P2 1 2 1 2 1 ) [9] , and monoclinic (C: CSD refcode FEVMUO02; space group e P2 1 /c) [10] .
Benzophenones are biologically active compounds [11, 12] and are used as UVfilters in sunscreens [13] . The Enrichment ratio (E) is used identify the propensity of the pair of elements (X, Y) to form contacts in the crystals [14, 15] . The energy framework concept [16, 17, 18 ] is a computational graphical tool for representing the magnitudes of interaction energies within the crystal packing. 3D topology of the intermolecular interactions relates to the properties of the molecular crystals.
In this paper, I present the crystallization, single crystal X-ray diffraction, Hirshfeld surfaces computational method, enrichment ratios and 3D energy frameworks of the tetramorph of 4,4edimethylbenzophenone (Figs. 1 and 3 ). In addition, the reported trimorphs A, B and C were analyzed and compared using Hirshfeld surfaces, enrichment ratios and 3D energy frameworks.
Methodology

Materials and crystallization
4,4edimethylbenzophenone (D) (Sigma-Aldrich) with molecular grade were used for the crystallization experiments. About 50 grams of D is dissolved in binary solvents of DMF and Ethanol at ambient conditions. The slow evaporation resulted in colourless crystals after few days.
Single crystal X-ray diffraction
The diffracted X-ray intensity data for single crystal of compound D were collected at a temperature of 296 K on a Rigaku Saturn724 diffractometer using graphite monochromated radiation (Mo-Ka). The diffracted intensities obtained after the experiments were processed using CrystalClear [19] . Reflection file after processing is used to solve the structure by direct methods and refined by full-matrix least squares method on F 2 using SHELXS and SHELXL programs [20] embedded within the Olex2 software [21] . In the first difference Fourier map, non-hydrogen atoms were identified followed by isotropic and anisotropic refinement. were generated using the software MERCURY [22] . Crystal structure and data refinement parameters/values are given in Table 1 .
Hirshfeld surfaces analysis and enrichment ratio (E)
The final refined crystallographic information file (CIF) is given as input to the CrystalExplorer 3.1 software [23] to analyze and visualize Hirshfeld Surfaces [24] and their relative 2D fingerprint plots [25] . The parameters d norm (normalized contact distance) and 2D fingerprint plots were used for quantifying/visualizing and decoding of the intercontact in the crystal packing. The dark-red spots on the dnorm surface arise as a result of the short interatomic contacts, while the other intermolecular interactions appear as light-red spots. The parameters used on 2D fingerprint plots ( ( Fig. 4) . The electrostatic potential surfaces with red region indicates negative electrostatic potential (hydrogen acceptors) and blue region indicates a positive electrostatic potential (hydrogen donor) [26] .
The values of intercontacts calculated over Hirshfeld surfaces are used to evaluate the propensities of the pair of elements (X, Y) to form contacts in the crystal and are analyzed using enrichment ratio (E) [14] (Table 4 ). E is the ratio between the actual contacts (proportion) in the crystal and random contacts (theoretical proportion). The pairs of element will have high propensity to form contacts and pairs avoid contacts with each other in the crystals if E > 1 and E < 1, respectively [17, 18] . 3. Results and discussion
Molecular and crystal structure
The tetramorph th (D) crystals of 4,4edimethylbenzophenone were obtained using binary solvents of DMF and Ethanol at ambient conditions. The D molecules crystallize in the orthorhombic crystal system, (space group Pbca) with cell param- The other polymorphs (A, B, C (1): Table 2 ) don't show this type of trend in the geometry. The polymorph A has similar torsional angles (t 1 ¼ t 2 ) when compared to other polymorphs. The conformation of all the polymorphs varies according to the crystal system/space group. In the crystal structure D (Fig. 2a, Table 3 ), the molecule stabilizes with intermolecular interactions of the type C5/H5/Cg1 (C1-C6)
( Fig. 2b -D) . Similarly, the other polymorphic crystal structures ( 
Hirshfeld surfaces and enrichment ratio
Hirshfeld surfaces computational method was used to visualize (Hirshfeld surfaces) and quantify (Fingerprint plots) the intermolecular contacts in tetramophs crystal Table 2 . Torsion angles of the tetramorphs.
CSD Refcode/CCDC FEVMUO [8] FEVMUO01 [8] FEVMUO02 [8] 1538365 [This work] Table 3 . Intermolecular interactions parameters of tetramoprhs.
packing (Fig. 4) [23, 24, 25] . The red spots (surfaces) over the Hirshfeld surfaces indicate the closer contacts representing the intermolecular interactions based on vdW separation. In each polymorph, red surfaces vary according to the strength of the intercontacts. Among all the polymorphs, A has the least red surface [ Fig. 4b ].
The Hirshfeld surfaces are used to generate fingerprint plots (Fig. 4c) , which are used to quantify intermolecular contacts through histograms and their similarities/ dissimilarities [25] . Table. The E values of A, B, C (1,2) and D shows C/H, O/H and H/H have high propensity of forming contacts within the crystal packing.
Energy framewoks
The crystal packing in the tetramorphs are constructed through the recent computational method 'energy frameworks' integrated with latest version of CrystalExplorer17 [27] . Initially, the interaction energy between the molecular pairs in all the polymorphic forms are calculated [ Tables 9, 10 is more dominating in all the tetramorphs when compared to electrostatic term (Fig. 6 ).
The net interaction energies in each of the polymoprhs are derived from the pair-wise interaction energies used to plot energy frameworks. During the calculation, the molecules around the residue (symmetry independent molecule) shell are taken and the values are listed [ Tables 9, 10 , 11, 12, and 13]. The overall average net interaction energy with molecules around the chosen radius (shell) is listed in Table 14 
Conclusions
In summary, the tetramorph th crystals of 4,4edimethylbenzophenone (D) were obtained using slow-evaporation crystallization method. This polymorph is the fourth candidate of its kind and second candidate of the orthorhombic crystal system. The structural comparisons and crystal packing of tetramorphs (A, B, C and D) are analyzed using molecular structures, Hirshfeld surfaces, enrichment ratios (E) and energy frameworks. The conformational differences are observed in all the tetra- 
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